Stretch-activated channels (SACs) have been found in smooth muscle and are thought to be involved in myogenic responses. Although SACs have been shown to be Ca 2؉ permeable when Ca 2؉ is the only charge carrier, it has not been clearly demonstrated that significant Ca 2؉ passes through SACs in physiological solutions. By imaging at high temporal and spatial resolution the single-channel Ca 2؉ fluorescence transient (SCCaFT) arising from Ca 2؉ entry through a single SAC opening, we provide direct evidence that significant Ca 2؉ can indeed pass through SACs and increase the local [Ca 2؉ ]. Results were obtained under conditions where the only source of Ca 2؉ was the physiological salt solution in the patch pipette containing 2 mM Ca 2؉ . Single smooth muscle cells were loaded with fluo-3 acetoxymethyl ester, and the fluorescence was recorded by using a wide-field digital imaging microscope while SAC currents were simultaneously recorded from cell-attached patches. Fluorescence increases at the cell-attached patch were clearly visualized before the simultaneous global Ca 2؉ increase that occurred because of Ca 2؉ influx through voltage-gated Ca 2؉ channels when the membrane was depolarized by inward SAC current. From measurements of total fluorescence (''signal mass'') we determined that about 18% of the SAC current is carried by Ca 2؉ at membrane potentials more negative than the resting level. This would translate into at least a 0.35-pA unitary Ca 2؉ current at the resting potential. Such Ca 2؉ currents passing through SACs are sufficient to activate large-conductance Ca 2؉ -activated K ؉ channels and, as shown previously, to trigger Ca 2؉ release from intracellular stores. S tretch-activated channels (SACs) have been found in many cell types and are thought to be involved in various mechanical signal transduction mechanisms ranging from hearing, touching, and cell movement to smooth muscle contraction (for reviews, see refs. 1-3). SACs in smooth muscle have also been shown to be Ca 2ϩ permeable (4-6). This conclusion was obtained from patch-clamp ion substitution experiments where Ca 2ϩ was the only available carrier of the inward current. These studies also pointed out that the SAC conductance for Ca 2ϩ is much smaller than for monovalent cations. Therefore, it has not been clearly demonstrated whether significant amounts of Ca 2ϩ can indeed enter the cell through SACs when physiological salt solutions are used, or whether the fraction of the current carried by Ca 2ϩ is large enough to have a significant effect on the intracellular [Ca 2ϩ ]. Nevertheless, SACs have been considered essential for stretch-induced contractions and vascular smooth muscle myogenic responses (4, 6-8). Two roles for SACs were proposed: to pass cations (mainly Na ϩ ) leading to membrane depolarization, and to pass Ca 2ϩ to increase the cytosolic [Ca 2ϩ ] either directly or indirectly by triggering Ca 2ϩ release from stores.
S
tretch-activated channels (SACs) have been found in many cell types and are thought to be involved in various mechanical signal transduction mechanisms ranging from hearing, touching, and cell movement to smooth muscle contraction (for reviews, see refs. [1] [2] [3] . SACs in smooth muscle have also been shown to be Ca 2ϩ permeable (4) (5) (6) . This conclusion was obtained from patch-clamp ion substitution experiments where Ca 2ϩ was the only available carrier of the inward current. These studies also pointed out that the SAC conductance for Ca 2ϩ is much smaller than for monovalent cations. Therefore, it has not been clearly demonstrated whether significant amounts of Ca 2ϩ can indeed enter the cell through SACs when physiological salt solutions are used, or whether the fraction of the current carried by Ca 2ϩ is large enough to have a significant effect on the intracellular [Ca 2ϩ ]. Nevertheless, SACs have been considered essential for stretch-induced contractions and vascular smooth muscle myogenic responses (4, (6) (7) (8) . Two roles for SACs were proposed: to pass cations (mainly Na ϩ ) leading to membrane depolarization, and to pass Ca 2ϩ to increase the cytosolic [Ca 2ϩ ] either directly or indirectly by triggering Ca 2ϩ release from stores.
Indirect evidence that Ca 2ϩ could enter cells through SACs was obtained by using various Ca 2ϩ imaging techniques while assuming SACs were activated by using mechanical or osmotic stimulation (see, e.g., ref. 9 and references in ref. 3) . Because SAC unitary currents were not recorded at the same time, various channel inhibitors or blockers were usually used to try to relate any recorded elevation in [Ca 2ϩ ] to openings of SACs.
To our knowledge there has been only one study where Ca 2ϩ fluorescence was spatially imaged while unitary SAC currents were recorded at the same time. Kirber et al. (8) , using fura-2 as the fluorescent Ca 2ϩ indicator, observed with high spatial resolution local fluorescence increases near the pipette tip when SACs opened in cell-attached patches. Nevertheless, this local increase in fluorescence was no longer observed when the intracellular Ca 2ϩ stores were emptied by adding 0.5 mM caffeine and 100 M ryanodine to the bathing solution. Based on these and other observations, it was suggested that Ca 2ϩ entry through SAC openings could trigger Ca 2ϩ release from intracellular Ca 2ϩ stores. Therefore, the fluorescence increase observed in the images was due, presumably, to the contribution from Ca 2ϩ entering through SACs and Ca 2ϩ released from intracellular stores (mainly the latter), but Ca 2ϩ entry alone without amplification by Ca 2ϩ release from stores could not be detected.
In the present study, carried out with fluo-3 as the Ca 2ϩ indicator at much higher time resolution and for longer time periods than used previously, we provide direct evidence that significant amounts of Ca 2ϩ can indeed enter the cell through SACs in physiological salt solutions. We also demonstrate that when the cell-attached patch is stretched, the local Ca 2ϩ increase due to openings of SACs precedes the global Ca 2ϩ increase due to openings of voltage-gated Ca 2ϩ channels (VGCCs) (8) . In addition, we estimate the Ca 2ϩ current passing through the SACs. A brief preliminary report of some of the findings presented here has been published in abstract form † .
Methods
Single Smooth Muscle Cell Preparation. Smooth muscle cells were enzymatically dispersed from the stomach of the toad Bufo marinus as previously described (10, 11) and used on the same day. All experiments were carried out at room temperature.
Patch-Clamp Recordings, Data Processing, and Ca 2؉ Imaging. SACs were activated by applying negative pressure (suction) to the back end of the patch pipette as described previously (4, 8) . The single-channel unitary currents were recorded with an Axopatch-1D amplifier (Axon Instruments, Foster City, CA), using the cell-attached patch configuration of the patch-clamp technique. The cell membrane potential was not held constant; inward SAC currents could cause depolarization of the cell membrane as indicated by a decrease in the unitary current amplitude (see ref. 8 for more details). Currents were initially low-pass filtered at 200 Hz and sampled at 1 kHz. Additional filtering by using a subtraction method was sometimes employed to remove 60-Hz noise.
Methods for two-dimensional Ca 2ϩ imaging and data processing were similar to those used by Zou et al. (12) . Fluorescence images were acquired by using a custom-built high-speed, widefield digital imaging microscope (see ref. 13 for a description of the system) with fluo-3 as the Ca 2ϩ indicator (loaded into the cells by using a 1 M concentration of the acetoxymethyl ester form at room temperature for about 1 h). At each pixel (333-nm square), the fluorescence in the absence of transients (F 0 ), and during a transient (F), was used to construct the ratio images [⌬F͞F 0 ϭ (F Ϫ F 0 )͞F 0 ]. Multiple recordings were generally obtained from the same cell. Camera readout command pulses and channel currents were simultaneously recorded to facilitate the alignment of the fluorescence trace with the corresponding channel-current trace. A bright-field image of the cell with patch pipette was acquired before each experiment to verify the location of the pipette tip. binds to fluo-3 (12, 14, 15) . ⌬FL total was obtained by calculating the difference in fluorescence just before and just after the fluorescence increase from an image area that was large enough to cover the entire fluorescence change as determined from the ⌬F͞F 0 images (as outlined in ref. 12 and illustrated in Fig. 1 ). To do this measurement the original raw images were used instead of the ratio images described in the previous section.
Determination pipette solution, the loading of fluo-3 should be similar for both groups of cells. As a way of ensuring this condition, we measured the background-corrected resting fluorescence (normalized to exposure time, FL n ) from an assumed cylindrical section of each cell and calculated the resting fluo-3 fluorescence per unit volume (FL n ͞V). Assuming that the resting [Ca 2ϩ ] was similar in all of the cells, we selected from our recordings using the 2 mM Ca 2ϩ pipette solution, those having an FL n ͞V within 2.5 SD from the mean value of the recordings using the 90 mM Ca 2ϩ pipette solution.
The data gathered from the cells where we used the 90 mM Ca 2ϩ pipette solution were obtained with the patches held 100 mV more negative than the resting potential. There was no significant difference between the ⌬FL total for the two groups of cells, using the 2 mM or 90 mM Ca 2ϩ pipette solutions. When experiments required removing any possible contributions from intracellular Ca 2ϩ stores, thapsigargin (1 M), and sometimes ryanodine (100 M), were added to the bathing solutions. In these experiments, caffeine (20 mM in the standard solution) was applied to the cells by pressure ejection by using a The unitary current recording (with inward currents indicated by a downward deflection) and the change in fluorescence with time at the location of the channel (⌬F͞F 0) are plotted together. ⌬FLtotal was measured from the baseline total fluorescence before the channel opened, to the near steady state in fluorescence that occurs briefly after the channel closed (to allow some time for equilibration of Ca 2ϩ with fluo-3 and other Ca 2ϩ buffers). The actual fluorescence measurements were obtained by summing over all of the pixels in the raw images within the relevant box. Channel current was integrated to obtain the total charge (⌬Q) passing through the channel. Note (in Inset) that there is a linear relationship between ⌬FL total and ⌬Q (plotted every ms, interpolating between the 5-ms images), as indicated by the black line fitted to the data. ⌬FL total also increases nearly linearly with time (as predicted in ref. 12) even with the short closures and openings of the channel. For the purpose of illustrating the method, a ratio image (⌬F͞F 0) instead of the raw fluorescence image is shown (although the latter was used for obtaining ⌬FL total). Images were acquired continuously with a 5-ms exposure time, and the image shown is that at the first fluorescence peak. The pixel size is 333 nm, and the calibration bar is 5 m. The standard solution and the Ca 2ϩ -free solution with 1 M thapsigargin were used for pipette and bath solutions, respectively. The patch membrane potential was 100 mV more negative than the cell membrane potential.
Picospritzer (General Valve, Fairfield, NJ) before sealing onto the cell (12) . ZhuGe et al. (13) have reported that treatments with thapsigargin and caffeine will lead to a permanent decrease in [Ca 2ϩ ] in the intracellular stores and, therefore, eliminate the store contribution to cytosolic Ca 2ϩ rise.
Results

Localized Increases in Fluorescence Are Observed When SACs Open.
To demonstrate that we could record the fluorescence associated with Ca 2ϩ passing through SACs, SACs were opened with the effects of intracellular Ca 2ϩ stores eliminated. The fluorescence increased near the location of the pipette tip and could spread to adjacent regions (Fig. 2) . The general amplitude and time course of the fluorescence change were similar to those of the averaged current passing through the SACs. Sometimes, when there was Ca 2ϩ present in the bathing solution, a delayed global increase in Ca stores. These experiments were carried out with the patch membrane potential set at or more negative than the cell membrane potential.
Because Kirber et al. (8) did not detect a fluorescence increase with fura-2 when SAC openings occurred without amplification from Ca 2ϩ stores, experiments were also carried out under the conditions used by these authors, but with fluo-3 as the Ca 2ϩ indicator. Cells were bathed in the Ca 2ϩ -free solution, with the addition of 0.5 mM caffeine and 100 M ryanodine, for longer than 30 min before beginning the experiments. Like the results reported above, when SACs opened, localized fluorescence transients were evident and their time course matched the current profile (8 recordings from 3 cells, not shown).
Taken together, all of these results suggest that these localized fluorescence increases were due solely to Ca 2ϩ entry through SACs.
Ca 2؉ Entry Through SACs Contributes to Global Increases in Intracel-
lular Ca 2؉ . To examine the effect of SAC opening under more physiological conditions, negative pressure was applied to cellattached patches at the resting membrane potential, in the absence of any agents affecting intracellular Ca 2ϩ stores. Fig. 3A shows an example when the standard solution (containing 2 mM Ca 2ϩ ) was used as both the pipette solution and the bath solution. When SACs opened, the fluorescence increase initially appeared locally around the pipette tip, and then usually spread to the adjacent regions of the cell (as also indicated in Fig. 2 ). As more SAC openings occurred, a fluorescence increase occurred everywhere, almost simultaneously, due to Ca 2ϩ entry through VGCCs caused by the depolarization of the cell membrane (11 recordings from 4 cells; also see ref. 8 ). The near-simultaneous opening of plasma membrane VGCCs would be expected because the high membrane resistance usually found in these cells causes the membrane to behave as an isopotential surface (8, 16) . There are other recordings (4 recordings from 3 cells), however, where opening of SACs did not cause an obvious global Ca 2ϩ increase. Whether cell membrane depolarization and global increases in Ca 2ϩ occur when SACs are opened will depend on a number of factors: the number of SACs that open, the size of the cell, the activity of other plasma membrane ion channels, and the membrane potential before applying suction.
As a control, experiments were also carried out with the Ca 2ϩ -free solution (containing 200 M BAPTA and no Ca 2ϩ ) in the patch pipette to eliminate Ca 2ϩ entry through the patch membrane. When SAC openings occurred, there was, as expected, no fluorescence increase observed (7 recordings from 3 cells). With other recordings from the same three cells, sometimes an almost simultaneous global fluorescence increase was observed (Fig. 3B, 8 recordings) after the initial SAC openings. However, the localized fluorescence transients at the pipette tip observed with Ca 2ϩ in the pipette solution were absent. These results are in agreement with the idea that without Ca 2ϩ entry, the cation (mainly Na ϩ ) current through SAC openings could cause depolarization of the cell membrane and bring Ca 2ϩ into the cell through VGCCs throughout the cell membrane. Results similar to those shown in Fig. 3 A and B were also reported by Kirber et al. (8) with a much smaller image set and much lower time resolution, so that the time delay between the focal and global fluorescence increases was not evident.
A Localized Fluorescence Transient Caused by Ca 2؉ Entry Through a
Single SAC Opening Can Be Detected. Discrete localized increases in fluorescence were observed around the pipette tip, but not elsewhere, during single openings of a SAC in the cell-attached patch (Fig. 4, and also Fig. 1) . These experiments were carried out with cells bathed in the Ca 2ϩ -free solution and treated with thapsigargin and caffeine to eliminate effects of Ca 2ϩ stores. Normally, the pattern for fluorescence increases was somewhat spatially symmetric, suggesting isotropic movement away from a point source (i.e., a single SAC). The full spatial width at half maximal amplitude (FWHM), measured parallel to the long axis of the cell at about 15 ms after the channel opened, was 2.22 Ϯ 0.14 m (6 transients from 3 cells). The FWHM for these SAC SCCaFTs is very close to what we found for the caffeineactivated channel SCCaFTs (see caption to figure 5 in ref. 12).
Estimating the Fraction of the Total SAC Current Carried by Ca 2؉ . To quantitatively determine whether significant Ca 2ϩ enters the cell during SAC openings, the fraction of the SAC current carried by Ca 2ϩ was calculated based on the measurements of total fluo- Only global, not local, fluorescence increases were observed when SACs opened in the absence of Ca 2ϩ in the pipette solution. In contrast to when Ca 2ϩ was present in the pipette solution, there was no fluorescence increase at the tip of the pipette when SAC openings occurred. However, a simultaneous global fluorescence increase could still be observed, suggesting the occurrence of membrane depolarization and Ca 2ϩ entry through VGCC. The brief transient at location d toward the end of the recording may be due to a spontaneous release of Ca 2ϩ from intracellular Ca 2ϩ stores (13) , which are presumably intact under these experimental conditions; or it may be due to Ca 2ϩ influx through a spontaneous opening of a Ca 2ϩ -permeable channel. Patch membrane potential is the same as the cell membrane potential for A and 100 mV more negative for B. Fluorescence images were acquired every 30 ms with a 6-ms exposure time for A and 5 ms for B. The calibration bar in the bright-field microscope image is 5 m. The bath solution for both experiments was the standard solution, whereas the pipette solution was the standard solution for A and the Ca 2ϩ -free solution for B. There were no pharmacological agents present affecting intracellular Ca 2ϩ stores.
rescence as described in Methods (and Fig. 1) . The conversion factor, 1.72 Ca ions per detected photon (determined by using the 90 mM Ca 2ϩ pipette solution), was applied to cells where we used the standard pipette solution (containing 2 mM Ca 2ϩ ), assuming the loading of fluo-3, the buffering capacity, and the resting intracellular Ca 2ϩ levels were similar for the two groups.
On average, we found that 17.8 Ϯ 2.0% (9 transients from 5 cells) of the SAC current was carried by Ca 2ϩ . Based on a unitary SAC current of about 2 pA at a resting membrane potential of near Ϫ56 mV (17), the unitary SAC Ca 2ϩ current is at least 0.35 pA (see Discussion). This current is larger than, but close to, the value (near 0. Because the membrane patch was not voltage clamped, the percent of the SAC current carried by Ca 2ϩ was determined at different patch membrane potentials (50, 100, or 150 mV more negative than the cell membrane potential). However, there was no correlation found between the fraction of the Ca 2ϩ current obtained from different transients and the amplitude of the unitary SAC current (R 2 ϭ 0.014). Therefore, over the range of patch membrane potentials that occurred during our experiments, the fraction of the SAC current that is carried by Ca 2ϩ appears to be relatively independent of this parameter. (19) openings in the same patch (Fig. 5) . Application of suction opened SACs, causing an increase in [Ca 2ϩ ], which in turn led to openings of BK Ca channels. These results (19 recordings from 6 cells) were obtained in a Ca 2ϩ -free high [K ϩ ] bathing solution with the patch membrane potential held at Ϫ55 mV, and with the effect of intracellular Ca 2ϩ stores eliminated. These conditions were used to remove all sources of Ca 2ϩ , except that which was in the pipette solution, and to hold the patch potential constant near the cell resting potential to prevent possible voltage activation of BK Ca channels. To observe BK Ca channel openings at Ϫ55 mV and make them distinguishable from SAC openings, Na ϩ was replaced with K ϩ in the pipette solution. BK Ca channels were not activated when similar experiments were carried out with a Ca 2ϩ -free (high-[K ϩ ]) pipette solution (9 recordings in 3 cells). Therefore, BK Ca channels in toad stomach smooth muscle cells do not appear to be directly stretch-activated, at least under the above experimental conditions, which is in agreement with the findings in this preparation by Kirber et al. (4) .
Discussion
We report here the first recording of SCCaFTs attributable to openings of single SACs, demonstrating that significant amounts of Ca 2ϩ can enter the cytoplasm through SACs with physiological solutions. We also provide direct evidence that the opening of SACs, in addition to causing depolarization of the cell membrane to open VGCCs and increase global Ca 2ϩ , contributes to the local Ca 2ϩ increase by directly passing Ca 2ϩ into the cytoplasm. This local increase in Ca 2ϩ can be clearly visualized, at high temporal and spatial resolution, before or in the absence of the simultaneous increase in global Ca 2ϩ . It can also serve as a signal for carrying out important physiological functions, such as activating BK Ca channels (Fig. 5 ) and triggering Ca 2ϩ release from intracellular stores in smooth muscle (8) . The fraction of current carried by Ca 2ϩ through SACs and the Ca 2ϩ current at the resting membrane potential are also estimated.
Imaging Ca 2؉ Entry Through a Single Opening of SACs -SCCaFTs. As a fundamental event in Ca 2ϩ -signaling, the SCCaFT or Ca 2ϩ entry through a single-channel opening has its unique significance for studying Ca 2ϩ handling in microdomains (20) . So far, there have been two other reports of SCCaFTs: SCCaFTs from caffeine-activated cation channels (12) and, by using confocal microscopy, L-type VGCCs (21) . The latter study (21) used the term ''sparklet'' for the SCCaFT recordings, and used 20 mM Ca 2ϩ in the pipette solution, much larger than the physiological levels of Ca 2ϩ (2 mM) used for caffeine-activated channels and SACs.
Estimating Ca 2؉ Entry Through SACs. For our estimate of the fraction of the SAC current carried by Ca 2ϩ , the most crucial assumption was that the fluo-3 concentration was similar in all of the cells. This was important if we were to capture approximately the same fraction of the Ca 2ϩ that passed through the SAC channels for each cell. Even though the same fluo-3 acetoxymethyl ester loading conditions were used for our studies, based on our estimates of the FL n ͞V, there was a certain amount of variation in the fluo-3 concentration (see Methods). Some of this variation may be due to our estimates of the volume of the cylindrical section of the cells. Instead of being a cylinder, some cells could have had a somewhat ellipsoidal cross section. Also, the resting [Ca 2ϩ ] may not have been the same in all of the cells. The value of 17.8 Ϯ 2.0% of the SAC current being carried by Ca 2ϩ was obtained when we chose data where the estimates of FL n ͞V were within the range indicated in Methods. If the fluo-3 loading was much less variable than that suggested by our measurements of FL n ͞V, then we could have used 19 transients As the Ca 2ϩ fluorescence declined with the subsequent cessation of suction (and closing of SACs), the BK Ca channel activity also ceased. A section of the current trace is enlarged to more clearly display the sequential openings of SACs and BK Ca channels. The Ca 2ϩ -free bath solution (with 1 M thapsigargin) was used here, but with K ϩ replacing Na ϩ to zero the cell membrane potential and thereby effectively clamp the patch membrane potential to Ϫ55 mV. Na ϩ was replaced by K ϩ in the pipette solution so that BK Ca channel activity could be observed at this potential. Under these conditions, the unitary BK Ca channel current was much larger than the unitary SAC current. Images were acquired every 30 ms with a 10-ms exposure time. The calibration bar in the bright-field microscope image is 5 m. from 11 cells (instead of 9 transients from 5 cells). The fraction of the SAC current carried by Ca 2ϩ would then be 24.2 Ϯ 2.8%. Although this value is significantly different from 17.8%, both sets of data indicate a much larger fraction of the SAC current being carried by Ca 2ϩ than has been heretofore estimated in the literature.
Based on the unitary SAC current of about 2 pA at a resting membrane potential of near Ϫ56 mV, the unitary SAC Ca 2ϩ current is at least 0.35 pA. This is larger than that estimated by Sachs and his colleagues, 0.02 pA at Ϫ60 mV in oocytes (9, 22) . The value for the percent of the current carried by Ca 2ϩ (Ϸ18%) is also larger than the estimate of 5% in bladder smooth muscle cells by Wellner and Isenberg (6), based on constant field equations. These investigators did not measure the Ca 2ϩ influx for their estimates. Our value is in the upper range for other nonselective cation channels where Ca 2ϩ fluxes were measured (23-25) but lower than for some cyclic-nucleotide-gated channels (25) . The fraction of the current carried by Ca ], the Ca 2ϩ concentrations were diminished by, at most, 6%. This analysis shows that a significant [Ca 2ϩ ] increase occurs quickly in a relatively extended neighborhood of the channel.
Physiological Significance for Ca 2؉ Entry Through SACs. The present study gives experimental support to the suggestion made by Kirber et al. (8) that Ca 2ϩ entry through SACs is strongly amplified by ryanodine-sensitive Ca 2ϩ release, the amplification being greater than for VGCC in the same cell type. Because Ca 2ϩ increases in the absence of intracellular Ca 2ϩ stores were not detected by using fura-2, the observed local Ca 2ϩ increase was attributed mainly to Ca 2ϩ release from intracellular stores triggered by Ca 2ϩ entry through SACs. This Ca 2ϩ entry has now been visualized in this study, and it occurred as soon as the SACs opened, independent of the status of the Ca 2ϩ stores (Figs. 1, 2 , and 4).
When using a pipette solution containing normal [Ca 2ϩ ], but a higher [K ϩ ], openings of BK Ca channels were observed after the SAC openings and the accompanying increase in fluo-3 fluorescence (see Fig. 5 ). These results suggest that Ca 2ϩ entry through SACs can activate BK Ca channels in the same patch. Therefore, the localized [Ca 2ϩ ] in a microdomain might play a significant modulating role on adjacent effectors.
Without monitoring intracellular Ca 2ϩ , other investigators (26) (27) (28) (29) (30) have reported a similar relationship between SACs and BK Ca channels in various cell types. However, the contribution of intracellular Ca 2ϩ stores was not eliminated in those studies. Therefore, the activation of BK Ca in those studies cannot be explicitly attributed only to Ca 2ϩ entry through SACs. In addition, higher concentrations of extracellular Ca 2ϩ were used in some of those studies.
The sequential activation of SACs and BK Ca channels can regulate smooth muscle function by either suppressing or enhancing smooth muscle contraction. The activation of SACs increases the local [Ca 2ϩ ] and causes membrane depolarization, which can activate VGCCs, leading to contraction. The activation of BK Ca channels, however, causes membrane hyperpolarization, which can cause relaxation by deactivating VGCC; but hyperpolarization with maintained membrane stretch could enhance Ca 2ϩ influx through open SACs, favoring contraction. In conclusion, because of our imaging capabilities, we were able to record the Ca 2ϩ influx associated with a single opening of a SAC, and to determine that there is much more Ca 2ϩ passing through these channels than was estimated previously from ion replacement studies. Moreover, we have been able to clearly demonstrate the delayed, near-synchronous increase in global Ca 2ϩ because of membrane depolarization induced by just a few SAC openings.
